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ABSTRACT

Recently, the necessity of underwater communication and demand for transmitting and receiving various data
such as voice or high resolution image data are increasing as well. The performance of underwater acoustic
communication system is influenced by characteristics of the underwater communication channels. Especially,
ISI(inter symbol interference) occurs because of delay spread according to multi-path and communication

performance is degraded. In this paper, we study the OFDM technique to overcome the delay spread in
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underwater channel and by using CP, we compensate for delay spread. But PAPR which OFDM system has
problem is very high. Therefore, we use DFT-spread OFDM method to avoid nonlinear distortion by high PAPR
and to improve efficiency of amplifier. DFT-spread OFDM technique obtains high PAPR reduction effect because

of each parallel data loads to all subcarrier by DFT spread processing before IFFT. In this paper, we show

performance about delay spread through OFDM system and verify method that DFT spread OFDM is more

suitable than OFDM for underwater communication. And we analyze performance according to two subcarrier

mapping methods(Interleaved, Localized). Through the simulation results, performance of DFT spread OFDM is

better about 5~6dB at 10* than OFDM. When compared to BER according to subcarrier mapping, Interleaved

method is better about 3.5dB at 10” than Localized method.
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779



241835 =52 °10-08 Vol. 35 No. 8§

A7 o () o ARRE A AZ 3Heln
(6 A AZkelek nlt)E AWGNelc} &3 |
# F 4% A3E LNAS AR ¥ Inverse
OFDM #H& #AA delelE %% k. 55
% B AsE s B4z qld QA Al
7k ZHIasnell 933k whow, o] e <ls
A Axo] 3} Utk OFDM AlARlE AlE Apo]
o] ¥& F7He ARslsled ISIE WAshe £ AF
o] qltk & EFdAE 1S19k A Ad 7 M
(ICL: inter-channel interference)s £°)7] $j3}o]
CPE ARIgk) CP Aol oA sle Ade] o
Zd b Br} Zojof de], B =FelXe oF
ZAEZ 3 A ke Hogt Fskr] Ha A
CP ZolE 283kt

oft wiz dle

IV. DFT-spread OFDM A|AH

DFT-Spread OFDM Al&®l-g zhzhe] wiad dlo]
Bl RE FuREaE] Aol Fo84 $& PAPR
Az 2AE dervh %5 $Aleld 712 OFDM
A28l CP ARleR 4% Adelr BAlsle o
F 72 o3t A Gkl diste] FAl A
g 5 Q7] Wil #F Bl vhs F2 4
Alez w3Ely ok SHX|Rt OFDM AlxElellA]
¥& PAPRZ Q3| WAz A 43t A& k=
A zEjsiol gl ZEER B =Folde OFDM
o] AH-E A5 PAPRS Zo)7] 13k whe
2 DFT-Spread OFDM-& A-8-3}c}.

28 22 DFT-spread OFDM AJ28l9] B-Exo]
th B =FeldE 1219 3 2dES AR’
th M> Nl ME AA Rukgsl olm, N

Z}zke] DFT “elek &3 dlelels DFT =Z7]o
o] QPSK  HAG Al¥el g, & AN
(n=0,..,N—1). DFT ¥3& AA F &4 A%
X = o 24

=1 L,
X=Yze ¥ ®)
n=0

DFT-Spread OFDM A28l B4l & shie
DFTXr} [FFT =277} 7] wfoll ksl i
o] 7¥saiAlv, Fukgal wiE-Z 4159 PAPR &
S ok2A ZA) P} DFT ¥E 3 Sakes) o)

=z
F 29 Ase

¥+ & A15E X# sk, IFFT 3 A
o gk
- A1 ]-12;} i
ENOEDIP i M
1=0

o714 M& IFFT #Z710l5, T,% original A%
Hht=1T,(1=0,1,..,M—1)°lc}.  DFT-Spread
OFDM AlZ= & AollA 2l OFDM AlEe} n]
=3 £4 ASE ZAW, IFFT A9 DFT #4ke
Z 9lsll PAPR®] EoEr]

uhg Tl f 2 AEE WE g Sl Alse A
@)t ZE e Zedd £F AEdE e
DFT-Spread OFDM A3 thg3} zirl,

jZW(EJT,‘-*f,)[I—T,,(HI

yalt) = Zap(t):il;(l'e +n{t) (8)
P =0

X, X, X, X,
Encoder N-point Subcarrier M-point
«mop [ DFT Mapping IFFT Add CP uic
Underwater
Channel
Decoder N-point Subcarrier M-paint Remove
+DEMOD IDFT k—{ FDE [+ Demapping "{: FFT cp brC

8l 2. DFT-spread OFDM A}2-7)
Fig. 2. System model of DFT-spread OFDM

780



FEEAIA vl

3 T3} AP EES $13 DFT-spread OFDM £A1 A|2H]

»

Aousnbayy

7

subcarrier

e D

null

LFDMA

32| 3. DFT-spread OFDM A]El9]

IFDMA time

Fakga) gt

Fig. 3. Sub-carrier allocation of DFT-spread OFDM system

DFT-Spread OFDM A|~®lE= OFDM HMJ-S 7]
oz 3p] wiel CP AL E 55 Adellx] 2t
Aske o A2E A A k] g F2
Aes Zedh ¥ ohlzl DFT-Spread OFDM
Azee S0 ARG o 9o E3) 3
Moz qusf % AelH Hshe EE] Ad
i e 234l 55 MAE S gleng r)Ee]
OFDM #M| Rl ¢ §5 FAld Asl ukale]
) AR B =X v A A
EAtell DFT-Spread OFDM Al &F19] HgAS =

=

Sgte Fe oo B3l wple Agdeld 4
oA TRE ek

gt DFT-Spread OFDM A8l DFT$} IFFT
2} e A wRel MAlske kst e
tiate] zeigich kst 9 whel= LFDMA
(localized frequency division multiple access),
IFDMA(interleaved frequency division multiple
access), Random FDMA H:jo] glow] o] 717

£ 7247} t}E PAPR EAJ& Z=c)2
V. A|230|M 1} o 2M

B =T Al EHo]Ado] AL moe AN
B3 [16]1% FHzsle] FAslgen sleleels
E 13 2k o9& 8000Hz, & 8kHzE dsly
A, #H) xAAZRE 50mse]ck webi] #A coherent
bandwidth 20Hzo|ch 28 4= 43 Arde) o2
A2 A5 QlEa gifolck adAe} o] £
Z B4 Apde tERe] XS Y, 5 &
Al AZE 38 EMoz qli]l 9 AlR 71
ZHJasne] #Asla o] ooz ols EAl A

o] i3} xlc.

23

¢

oh‘

% SAlA OFDM Al®l-2 CP AR E 4
F Aol sk o A2 23 A 2t
°ﬂ gzt $4 Aes FRE 4 97| dEel 5
FAlel vl & wkalex[ul, =& PAPRE 3l
& %}*ngkc A5 A3t TAE "keA] aejsiof g
o} 2822 2 =i OFDME] S §4
34 PAPRS %E°]7] 913 w22 DFT-Spread
OFDME ARE3lgich A Fukes} AL 256, 7
zZre] ApgAbe YukeTE 642 dsla(N=64),
interleaved HollA] #AF QA Q= 42 stk
71X1BH°4 Wz vhAle QPSKE sl 441 dlo|g
£33 1000022 3l PAPRY} BER®] A5-S 2
Slkis=2
% Ao ApAE 3eEsle] e dgARE
Az zZ7]ef AA AZEE AgeE vehdgdch
xRt AlEeo]Ad Aol AT A|2wle]
A vlaE 9] Aigle] obd mAZE dig]
slo] AlE#Ho]Al sdch

# 1, Azd 74
Table 1. System Specification
Bandwidth : B 8000 Hz
Maximum Delay Spread : Zmax 50 ms
Coherent Bandwidth : B.=1/ Tnax 20 Hz
Number of Sub-carrier : M 512
(Such that B.>B;) (20>>15.625)
Sub-carrier Bandwidth : B; =B/M 15.625 Hz
Guard Interval @ Ty Toax <Tp) 50 ms
Symbol Duration : T = 1/B;s 64 ms
(T>Ty (64>50)
8.77
Symbol Rate : R=1/(T + T) symbols/sec
Number of Bits per Sub-carrier : M, {2(QPSK Mod.)
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